Hyposmotic shock: effects on rubidium/potassium efflux in normal and ischemic rat hearts, assessed by 87Rb and 31P NMR.
The study evaluated effects of hyposmotic shock on the rate of Rb(+)/K(+) efflux, intracellular pH and energetics in Langendorff-perfused rat hearts with the help of 87Rb- and 31P-NMR. Two models of hyposmotic shock were compared: (1) normosmotic hearts perfused with low [NaCl] (70 mM) buffer, (2) hyperosmotic hearts equilibrated with additional methyl alpha-D-glucopyranoside (Me-GPD, 90 or 33 mM) or urea (90 mM) perfused with normosmotic buffer. Four minutes after hyposmotic shock, Rb(+) efflux rate constant transiently increased approximately two-fold, while pH transiently decreased by 0.08 and 0.06 units, in the first and the second models, respectively, without significant changes in phosphocreatine and ATP. Hyposmotic shock (second model) did not change the rate of Rb(+)/K(+) uptake, indicating that the activity of Na(+)/K(+) ATPase was not affected. Dimethylamiloride (DMA) (10 microM) abolished activation of the Rb(+)/K(+) efflux in the second model; however, Na(+)/H(+) exchanger was not involved, because intracellular acidosis induced by the hyposmotic shock was not enhanced by DMA treatment. After 12 or 20 min of global ischemia, the rate of Rb(+)/K(+) efflux increased by 120%. Inhibitor of the ATP-sensitive potassium channels, glibenclamide (5 microM), partially (40%) decreased the rate constant; however, reperfusion with hyperosmolar buffer (90 mM Me-GPD) did not. We concluded that the shock-induced stimulation of Rb(+)/K(+) efflux occurred, at least partially, through the DMA-sensitive cation/H(+) exchanger and swelling-induced mechanisms did not considerably contribute to the ischemia-reperfusion-induced activation of Rb(+)/K(+) efflux.